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Paired t test analyses of
difference inforced vital
capacity (ml) between first and
subsequent visits (n=25)

Change in forced
vital capacity from

baseline

1 3 1
week months year

Mean 48 -63 -49
Standard error 42 33 55
P(one-sided) 0-13 0-032 0-19
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Statistics Notes

One and two sided tests ofsignificance

J Martin Bland, Douglas G Altman

In some comparisons-for example, between two
means or two proportions-there is a choice between
two sided or one sided tests of significance (all
comparisons ofthree or more groups are two sided).
When we use a test of significance to compare two

groups we usually start with the null hypothesis that
there is no difference between the populations from
which the data come. If this hypothesis is not true the
alternative hypothesis must be true-that there is a
difference. Since the null hypothesis specifies no
direction for the difference nor does the alternative
hypothesis, and so we have a two sided test. In a one
sided test the alternative hypothesis does specify a
direction-for example, that an active treatment is
better than a placebo. This is sometimes justified by
saying that we are not interested in the possibility that
the active treatment is worse than no treatment. This
possibility is still part of the test; it is part of the null
hypothesis, which now states that the difference in the
population is zero or in favour of the placebo.
A one sided test is sometimes appropriate. Luthra

et al investigated the effects of laparoscopy and hydro-
tubation on the fertility of women presenting at an
infertility clinic.' After some months laparoscopy was
carried out on those who had still not conceived. These
women were then observed for several further months
and some of these women also conceived. The con-
ception rate in the period before laparoscopy was
compared with that afterwards. The less fertile a
woman is the longer it is likely to take her to conceive.
Hence, the women who had the laparoscopy should
have a lower conception rate (by an unknown amount)
than the larger group who entered the study, because
the more fertile women had conceived before their turn
for laparoscopy came. To see whether laparoscopy
increased fertility, Luthra et al tested the null hypo-
thesis that the conception rate after laparoscopy was
less than or equal to that before. The alternative
hypothesis was that the conception rate after laparo-
scopy was higher than that before. A two sided test was
inappropriate because if the laparoscopy had no effect
on fertility the conception rate after laparoscopy was
expected to be lower.
One sided tests are not often used, and sometimes

they are not justified. Consider the following example.
Twenty five patients with breast cancer were given
radiotherapy treatment of 50 Gy in fractions of 2 Gy
over 5 weeks.' Lung function was measured initially, at
one week, at three months, and at one year. The aim of
the study was to see whether lung function was lowered
following radiotherapy. Some of the results are shown

in the table, the forced vital capacity being compared
between the initial and each subsequent visit using one
sided tests. The direction of the one sided tests was not
specified, but it may appear reasonable to test the
alternative hypothesis that forced vital capacity
decreases after radiotherapy, as there is no reason to
suppose that damage to the lungs would increase it.
The null hypothesis is that forced vital capacity does
not change or increases. If the forced vital capacity
increases, this is consistent with the null hypothesis,
and the more it increases the more consistent the data
are with the null hypothesis. Because the differences
are not all in the same direction, at least one P value
should be greater than 0 5. What has been done here is
to test the null hypothesis that forced vital capacity
does not change or decreases from visit 1 to visit 2 (nine
week), and to test the null hypothesis that it does not
change or increases from visit 1 to visit 3 (three
months) or visit 4 (one year). These authors seem to
have carried out one sided tests in both directions for
each visit and then taken the smaller probability. If
there is no difference in the population the probability
of getting a significant difference by this approach is
10%, not 5% as it should be. The chance of a spurious
significant difference is doubled. Two sided tests
should be used, which would give probabilities of 0f26,
0-064, and 0-38, and no significant differences.

In general a one sided test is appropriate when a
large difference in one direction would lead to the same
action as no difference at all. Expectation of a difference
in a particular direction is not adequate justification. In
medicine, things do not always work out as expected,
and researchers may be surprised by their results. For
example, Gall0e et al found that oral magnesium
significantly increased the risk of cardiac events,
rather than decreasing it as they had hoped.3 If a
new treatment kills a lot of patients we should not
simply abandon it; we should ask why this happened.
Two sided tests should be used unless there is a very

good reason for doing otherwise. If one sided tests are
to be used the direction of the test must be specified in
advance. One sided tests should never be used simply
as a device to make a conventionally non-significant
difference significant.
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